ABSTRACT
R cup drawing machine.
The results showed that with increase in sheet thickness, the smaller is the draw ratio that would draw the sheet. For 0.6-0.9mm sheet thickness, cups were drawn with draw ratios of 60/33 to 65/33. For sheet thicknesses of 1.2-1.58mm , only 60/33 and 62/33 draw ratios were observe to draw cups. Earing was observed to generally increase with increasing draw ratio using the same sheet thickness. It was also observed that for thinner sheets (0.6-0.9mm), using the same draw ratio, earing increased with increasing sheet thickness. For thicker sheets (1.2-1.58mm ) earing was observed to decrease with increasing sheet thickness. After that, there was an increase for deep-drawn 2mm thick sheet.
Higher draw ratios were observed to draw deeper cup depths with minimal earing. The depth of cups drawn with 65/33 draw ratio was observed to be about 28% more than those drawn with 60/33 draw ratio with an increase in earing of only 0.84% for 0.6mm thick sheet and 1.2% for 0.9mm thick sheets. Earing was also observed to increase by 1.64% for the 2mm thick sheet that had undergone grain growth over the fine grained one.
INTRODUCTION`
Al 1200 is the grade of aluminium used for hollowware. When cold rolled, aluminium or its alloys are recrystallised by annealing. New grains form with orientations that differ from those present in the cold rolled condition [1] . Preferred orientation is much reduced but seldom eliminated. Preferred orientation in the plane of a sheet that is associated with textures may cause a problem known as earing. Earing is wasteful of material because larger blank than necessary must be used in deep drawing hollowware production. Moreover, it may lead to the production problems due to difficulties in ejecting products after a pressing operation.
Much work has been done in the area of earing and texture [2, 3] . Four ears usually form because of non-uniform plastic deformation along the rim of deep drawn products if there is a desirable balance between the rolling texture and the annealing texture; however, eight small ears could be formed or none at all. Because of this possibility of annealing to produce a texture which could minimize or eliminate earing, the careful control of cold roll and planar anisotropy by annealing schedules is normal undertaken [2, 4, 5] .
The effect of draw ratio on earing of Al 1200 during deep-drawing was studied in this work using various sheet thicknesses.
MATERIALS AND METHOD
Starting materials were Al 1200 as cast in the form of sheets of starting thicknesses of 8mm, 7.34mm and 6mm obtained from Aluminium Rolling Mills Ota, Ogun State, Nigeria. The average chemical composition is shown in Table 1 . 
RESULTS AND DISCUSSION

Results
The results obtained are presented in Tables 2-8 . Table 2 shows the drawability of varying thicknesses of Al 1200 cups with varying punch/blank diameter ratio. The result showed that thicknesses of 1.17 -1.58 mm can be drawn by only draw ratio of 62/33 and 60/33 while smaller gauges of 0.6-0.9mm could be drawn by draw ratios of 60/33 -65/33. Table 3 shows variation of earing with varying draw ratio (plate thickness kept constant). The same result is presented in Fig.3 . It was observed that increasing draw ratio increased earing. Table 4 and Fig. 4 . While earing was observed to increase with increasing sheet thickness for 0.6-0.9mm thick sheets, the reverse was true for 1.2-1.55 mm sheets. At 2mm thickness, earing was observed to shoot-up again. Table 5 presents the variation of depth of drawn cup and earing with draw ratio for 0.6mm sheets. The depth of cups drawn with 65/33 draw ratio was observed to be about 28% more than drawing with 60/33 draw ratio with an increase in earing of only 0.84%. The variation of depth of drawn cup and earing with draw ratio for 0.9mm sheets is presented in Table 6 . The depth of cups drawn with 65/33 draw ratio was observed to be about 28% more than drawing with 60/33 draw ratio with about 1.2% increase in earing. 
Discussions
Drawability of different sheet thickness
For the sheet thicknesses tested (Table 2) , it was observed that sheets of thicknesses within the range 0.6-0.9mm were drawn by draw ratios 60/33 to 65/33.
For thicker sheets of 1.2-1.58mm, only 60/33 and 62/33 draw ratios were observe to draw cups. Cups drawn with higher draw ratios were observed to break (Fig.1) .
Earing variation with draw ratio and sheet thickness
Fig .3 shows the variation of earing with increasing draw ratio for different sheet thickness. Earing was observed to generally increase with increasing draw ratio using the same sheet thickness. The increase in earing with increase in draw ratio can be attributed to increased material available for draw. It was observed that for thinner sheets (0.6-0.9mm), using the same draw ratio, earing increased with increasing sheet thickness (Fig.4) . For thicker sheets (1.2-1.58mm) earing was observed to decrease with increasing sheet thickness; after which there was an increase for deep-drawn 2mm 
Drawn-Cup depth and earing variation with draw ratio and thickness.
At 60/33 draw ratio, drawn cup depth was observed to increase with increasing sheet thickness at first draw for all thicknesses and at second draw for 0.6 and 0.9mm thick sheets (Tables 5-7) . There was not much gain in depth for deep-drawn 2mm thick sheets at second draw over the 0.6mm thick sheet.
Earing was observed to increase with increasing sheet thickness, however, from 0.36% in deepdrawn 0.6mm sheets to 3.9% in deep-drawn 0.9mm sheets and remaining about steady at 3.6% for deep-drawn 2mm thick sheet.
At 65/33 draw ratio, drawn-cup depth was observed to increase with increasing sheet thickness at second draw only for 0.6 and 0.9mm thick sheets. Earing was observed to increase as well with increasing sheet thickness, from 1.7% in deep-drawn 0.6mm sheets to 5.1% in deep-drawn 0.9mm sheets.
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The increase in drawn-cup depth with increasing thickness could be attributed to increased area available for draw. The increase in earing is attributable to the texture of the material causing ears (Fig.2) .
65/33 draw ratio was observed to draw deeper cup depths compared with cups drawn with 60/33 draw ratio. This was expected because of the larger blank size available for draw. The depth of cups drawn with 65/33 draw ratio was observed to be about 28% more than those drawn with 60/33 draw ratio with an increase in earing of only 0.84% for 0.6mm thick sheet and 1.2% for 0.9mm thick sheets. Table 8 shows the results obtained from drawing with 2mm thick Al 1200 sheet that has undergone grain growth. The results showed smaller cup depth at first draw compared to cup drawn from fine grained 2mm thick sheet (Table 7) . At second draw, cup depth was the same depth as cups draw from the fine grained material. However, earing was observed to increase by 1.64% for the large grained material. The effect of grain growth causing the material to be less ductile can be attributed to increased earing.
Drawn-Cup depth and earing variation grain growth
CONCLUSION
The following conclusions were drawn from this work:
The results showed that with increase in sheet thickness, the smaller is the draw ratio to draw the sheet. For 0.6-0.9mm sheet thickness, cups were drawn with draw ratios of 60/33 to 65/33. For sheet thicknesses of 1.2-1.58mm, only 60/33 and 62/33 draw ratios were observe to draw cups.
Earing was observed to generally increase with increasing draw ratio using the same sheet thickness.
It was also observed that for thinner sheets (0.6-0.9mm), using the same draw ratio, earing increased with increasing sheet thickness. For thicker sheets (1.2-1.58mm) earing was observed to decrease with increasing sheet thickness after which earing increased for 2mm thick sheet
